This paper takes a first look at the trade effects of China's Belt and Road Initiative, also referred to as the New Silk Road, on the 71 countries potentially involved. The initiative consists of several infrastructure investment projects to improve the land and maritime transportation in the Belt and Road Initiative region. The analysis first uses geo-referenced data and geographical information system analysis to compute the bilateral time to trade before and after the Belt and Road Initiative. Then, it estimates the effect of improvement in bilateral time to trade on bilateral export values and trade patterns, using a gravity model and a comparative advantage model. Finally, the analysis combines the estimates from the regression analysis with the results of the geographical information system analysis to quantify the potential trade effects of the Belt and Road Initiative. The paper finds that (i) the Belt and Road Initiative increases trade flows among participating countries by up to 4.1 percent; (ii) these effects would be three times as large on average if trade reforms complemented the upgrading in transport infrastructure; and (iii) products that use time sensitive inputs and countries that are highly exposed to the new infrastructure and integrated in global value chains have larger trade gains.
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1. Introduction
A stated goal of China's Belt and Road initiative is to strengthen economic integration and policy coordination in the broad Eurasia region. The initiative includes a series of transportation infrastructure projects, which are proposed along two pillars: the Silk Road Economic Belt and the 21st Century Maritime Silk Road. Specifically, the "Belt" links China to Central and South Asia and onward to Europe, while the "Road" links China to the nations of Southeast Asia, the Gulf countries, East and North Africa, and on to Europe. Six economic corridors have been identified:
(1) the China-Mongolia-Russia Economic Corridor; (2) the New Eurasian Land Bridge; (3) the China-Central Asia-West Asia Economic Corridor; (4) the China-Indochina Peninsula Economic Corridor; (5) the China-Pakistan Economic Corridor, and (6) the Bangladesh-China-IndiaMyanmar Economic Corridor. This paper offers a first assessment of the impact of the new and improved BRI transport infrastructure on trade flows of BRI countries.
2 Specifically, we examine the potential trade effects of the BRI using a combination of geographic and econometric analysis. First, we assess the impact of the BRI on trading times using a new database on transport projects linked to the BRI (de Soyres et al., 2018; Reed and Trubetskoy, 2018) . Georeferenced data and geographical information systems (GIS) analysis are used to compute the bilateral trade time between capitals, ports and major cities (>100K) in the Belt and Road countries before and after the proposed interventions. 3 Second, we use a gravity model (Head and Mayer, 2014) to estimate the total effect of bilateral trade time on bilateral exports and a comparative advantage model à la Nunn (2007) to estimate the impact of bilateral time to trade on the export pattern in time sensitive products and in products that rely on time sensitive inputs.
To assess the trade impact of the BRI, the GIS analysis and econometric estimates are combined.
These results are also used to investigate whether there is complementarity between infrastructure improvements and policy reforms that promote trade facilitation, market access 3 and further regional integration between BRI countries. Specifically, the paper provides a series of simulations on how the potential impact of BRI could be boosted once BRI countries work towards reducing time delays at the border, decrease tariffs or sign "deep" trade agreements,
i.e. agreements that go beyond tariff reductions. To test the complementarity between transport infrastructure improvements and trade reforms, we augment the gravity model to introduce an interaction term between our main variable of interest, bilateral trading times, and the average applied tariffs between two countries at the sectoral level or the "depth" of bilateral trade agreements signed between BRI countries.
An important issue in the estimation of the trade effects of transportation infrastructure is endogeneity. The plan to invest in these infrastructure projects could be driven by China's rising trade prospects with BRI countries (Constantinescu and Ruta, 2018) . We address the potential endogeneity between infrastructure and trade in different ways. First, we eliminate nodal countries and the extractive sector from the analysis. Intuitively, if the goal of the BRI is for China to access larger markets or to secure energy supplies, an analysis focused on transit countries
and non-energy sectors should mitigate endogeneity problems. Second, we use an Instrumental Variable (IV) approach. Specifically, we employ the physical geography features of transit countries along any trade route as instruments for the bilateral transport time between the trading partners. Third, in the comparative advantage model, we estimate a difference-indifference estimation that allows us to introduce a richer set of fixed effects, including countrypair and country-sector, to control for other sources of omitted variable biases.
The results from the econometric analysis confirm that there is a negative relationship between trading times and trade: a one-day reduction in trading times increases exports between BRI economies by 5.2 percent on average. In addition, trading times are particularly important for time sensitive products that are used as inputs in production processes, suggesting that reductions in shipping times are key in the presence of global value chains. Last, we find that reducing border delays, having better market access to countries and signing deeper trade agreements would magnify the trade impact of a reduction of time to trade due to new and improved transport infrastructure. Zhai (2018) , who use a Computable General Equilibrium (CGE) model to assess the impact of the BRI on trade and economic growth. 4 Differently from the CGE approach, our paper builds on a number of recent econometric studies. First, there is a recent literature that aims at assessing the impact that reduction in time to trade, due to trade facilitation reforms or infrastructure improvements, has on trade flows (e.g. Djankov, Freund and Pham, 2010; Hummels and Schaur, 2013; and Baniya, 2017) . Second, several studies analyze the trade effects of infrastructure projects (Donaldson, 2013; Duranton, Morrow and Turner, 2012; Alder, 2015) .
Finally, a subset of this literature also relies on georeferenced data and GIS analysis to assess the trade and spatial effects of transport infrastructure (e.g. Roberts, Deichmann, Fingleton and Shi, 2010; Roberts, Deichmann, Fingleton and Shi, 2010) .
The rest of the paper is organized as follows. Section 2 presents the GIS analysis. The econometric strategy and results are discussed in Section 3. Section 4 outlines the trade impact of the BRI.
Concluding remarks follow.
2. Estimating trading times using network analysis
To estimate the shipping times between two BRI locations, we use georeferenced data combined with GIS analysis on a country's transport network. 5 The main objective of the network analysis is to quantify the connectivity between capitals, ports and major cities (>100K) of BRI countries before and after various planned interventions (see Figure 1) . 6 Trading times are assessed with the transport network in 2013 (i.e. before the official launch of BRI) for a set of 1,818 cities across 71 BRI economies listed in Appendix Table A. 1. This section reviews the main steps that are performed to assess the time it takes to trade across countries before the Belt and Road interventions (the assessment of the updated transport network on trade times is discussed in Section 4). It also highlights the main statistics deriving from this exercise.
A network analysis provides a more accurate measure of the real time it takes to ship goods across countries, as it takes into account factors such as the quality and quantity of infrastructure, physical obstacles (rough terrain) or other barriers (border and other delays). It also provides a more realistic description of the travel routes of goods that are shipped between cities compared to other measures such as the distance between capitals or main cities that are commonly used in the trade literature. 5 The details of the methodology and data are discussed in de Soyres et al. (2018) . 6 The list of interventions under the BRI has been identified in Reed and Trubetskoy (2018) .
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Figure 1: BRI transport projects
Source: Reed and Trubetskoy (2018) A network solution involves finding the shortest path between two locations, where the length of a path is the sum of a cumulative variable such as travel time (hours). Routing is determined by minimum time cost path, where travel time is a function of physical distance, geographical characteristics, speed and mode of transportation. In the baseline scenario, existing rail speed (50 kph) and sea routes (25 kph) are assumed along the network. Other variables such as the number of borders crossed along the route or how long it takes to load or unload the merchandise at the port can also affect trading times and therefore can change the shortest path connecting two locations. To account for this, information on border and port delays is included in the GIS analysis. The total time spent at the border that is assigned to each pair of countries is based on the importing and exporting trading times information from the Doing Business data 7 set. Estimates on the time it takes to load and unload the goods at the ports is taken from Slack e al. (2018) .
Before transportation infrastructure projects are implemented, bilateral trading times between BRI economies are on average 383.1 hours, equivalent to 16 days, and they range between a minimum of 0.9 hours to a maximum of 40.6 days (see Table 1 ). To perform the econometric analysis on the impact of trading times on bilateral trade flows, the minimum time it takes to connect cities is aggregated at the country pair level. To control for the fact that the economic activity varies across cities, we compute a population weighted average of the shipping times between each pair of cities that are in a pair of countries. need to be shipped on time in order to ensure that production processes are not disrupted.
We begin by estimating the following augmented gravity equation:
where the i,j and g subscripts correspond to the exporter, the importer and the hs6 product, respectively; the dependent variable represents bilateral exports of product g from country i to country j; represents our variable of interest and is calculated as the minimum time it takes to transport a good from country i to country j in the baseline scenario presented in 8 The legal enforceability of the PTA disciplines is established according to the language used in the text of the agreements. In other words, it is assumed that commitments expressed with a clear, specific and imperative legal language can more successfully be invoked by a complainant in a dispute settlement proceeding and therefore are more likely to be legally enforceable. In contrast, unclear legal language might be related to policy areas that are covered but that might not be legally enforceable. See Hofmann, Osnago and Ruta (2017) .
expenditure on inputs and thereby raise the production and exports, market potential, trade intensity, and agglomeration forces or co-location effects (see Hummels and Hillberry, 2002) .
The data for the main variable of interest ( ) were described in detail in the previous section. Other variables that are used in the econometric analysis come from usual sources.
Export flows are collected from Comtrade at the hs6 level for the year 2013. Information on the gravity variables (common language or border or past colonial relationship and the strength of market penetration) comes from BACI data set produced at Center for Prospective Studies and International Information. Product-level information on preferential and Most Favored Nation tariffs imposed by countries comes from the new ITC-World Bank data set on preferential tariffs (Espitia et al, 2018) . Data on the depth of preferential trade agreements come from the new World Bank database on the content of preferential trade agreements (Hofmann, Osnago and Ruta, 2017) . Table A . 2 in the appendix presents the correlation between all the variables that are used in the estimations.
ii. Results Table 3 Freund and Pham (2010) find that, on average, each additional day that a product is delayed prior to being shipped reduces trade by at least 1 percent. They also find that the impact of delays is significantly higher for developing countries. Other papers focusing on the Sub-Saharan Africa region find that a one-day reduction in inland travel times leads to a 7 percent increase in exports (Freund and Rocha, 2011 The coefficient of our control variable, PTA depth, suggests that BRI countries with deeper agreements trade more on average. Specifically, having one extra provision included in the agreement increases trade by 1.9 percent on average. This result is in line with the literature on the trade effects of deep trade agreements. 9 In terms of tariffs, a 1 percent increase in tariff rates will reduce exports by 1.8 percent on average. Other standard gravity variables (not reported)
have the usual signs found in the literature.
Different products are likely to respond differently to changes in trade time because time sensitivity varies by product. To take a first look into the potential heterogeneity that the variable trading times can have on exports at the product level, we run equation (1) for each hs4 product 10 --we come back to this issue in Section 3.iv using a different specification based on Nunn (2007) .
Specifically, we estimate the following equation:
Notice that now the fixed effects that are included in the regression are at the country level instead of country-product level.
Results for the product-level estimations aggregated at the sectoral level are presented in Table   4 . The negative impact of time delays on exports ranges between -0.002 and -0.06. For sectors such as wood/wood products (e.g. chemical wood pulp and wood wool) and vegetable products (e.g. ground nut oil and its fractions, mate, and cucumbers and gherkins), the GIS time coefficient is the highest, suggesting that these sectors are more sensitive to time variations. Specifically, a one-day increase in export delays decreases exports in these industries by more than 25 percent on average. For other sectors such as footwear/headwear, miscellaneous products (works of art and clocks/watches) and transportation equipment, the impact of a one-day increase on exports is much lower and equal to 3.9 percent on average. iii.
Robustness checks
The previous results might be subject to endogeneity deriving from omitted variables bias and reverse causality. Omitted variables bias arises when there are unobserved country-pair specific policy variables (peaceful relationship, common legal origin, etc.) that affect both exports and trading times. The rich set of fixed effects that are included in the regressions together with the policy controls that vary at the country-pair level control for a significant degree of the omitted variables. Moreover, in a second exercise that is presented in sub-section (iv), we estimate the impact of trading times on exports of time sensitive products using a difference in difference approach. In this case, the higher number of fixed effects that are included in the regression allows us to fully control for omitted variables (see section-below).
Reverse causality may arise when the time to export variables are likely to be correlated with country exports. An improvement of rail or ports infrastructure and administrative time costs has positive effects on exports. However, trade partners that have better trade prospects or that wish to improve their current trade volume will also invest more on such trade facilitating infrastructure. Such incentives of infrastructure reform are clearly important in the case of the Belt and Road Initiative. In particular, the rising trade prospects of China and its increasing need for energy supplies are some of the major incentives to improve infrastructure in the context of the BRI. To control for reverse causality, we use three types of robustness checks. First, we estimate the regressions excluding the nodal countries in the BRI, mainly Europe and China, which are those that are trading more between them. Second, we re-estimate the regressions excluding the extractive industries. Third, we follow an instrumental variable approach to estimate equation (1).
For the instrumental variables estimation, we follow the literature and instrument travel times between trading partners using the mean physical geography features of transit countries along any trade route. 11 The set of geographical variables that are used to compute the instruments are taken from Nunn and Puga (2009) and include the percentage of moderately to highly rugged 11 Geographical characteristics of a country have been used in the past by papers such as Limao and Venables (2001) to instrument for transport infrastructure.
13 land area and the proximity to the coast (percentage of land area within 100km of the nearest ice-free coastline). These geographical features are clearly exogenous to trade as countries are naturally endowed with them. In addition, they have a direct impact on the ability of bilateral trade partners to transport goods on time. Trade routes that are highly rugged (presence of rough and uneven land surfaces) tend to have lower quality of land transportation infrastructure, while trade routes that are closer to the coast tend to have well established maritime ports and transport infrastructure.
Results from the first stage regression (see appendix Table A. 3 and Table A . 4 also confirm that the instruments are not weak. In addition, the low correlations between export values and geographical features (see Table A . 5) support the fact that they meet the exclusion restriction criteria.
To control for the potential reverse causality of other explanatory variables such as the depth of preferential trade agreements, we instrument PTA depth between country i and country j with the trade weighted average depth of all the agreements signed by i and j with third countries.
This type of instrumental variable approach has already been used in the literature (see, for instance, Orefice and Rocha, 2014 and Laget et al., 2018) . We aggregate tariffs at the HS4 level, so the degree of endogeneity between trade and tariffs at the product level decreases.
12 Table 5 presents the results of the impact of trading times on export values once we control for endogeneity. Estimations excluding nodal countries and products from the extractive industries are very similar to those in the baseline regression and suggest that a one-day decrease in trading times increases trade by 5.2-6.6 percent on average (columns 1, 2, 4 and 5). The second-stage results of the instrumental variable regressions are presented in column (3). The magnitude of the coefficients on trading times is larger compared to those in the baseline results and show that a one-day decrease in trading times increases exports by 12 percent on average. One 12 As an extra check, regressions are conducted aggregating tariffs at the hs2 level. Results presented in appendix Table A . 6 are very similar to those in the baseline regression.
14 potential reason for this is that the variable, GIS time, might be subject to measurement error as it might not fully reflect the role of geography in explaining the connectivity between countries. Two additional robustness tests are performed. First, to control for year-specific effects in our analysis, regressions are estimated using export values in periods t-1 and t+1, where t equals 2013. Results presented in appendix Table A The results presented in Table 6 show that the impact of trading times is relatively higher for products that are time sensitive to their consumers or end users and that use time sensitive inputs in production. In addition, the indirect effect (impact of trading times on products that highly use time sensitive inputs in production) is higher than the direct effect (impact of trading times on products that are time sensitive to their consumers), suggesting that improving trading times is particularly important in a world of global value chains, where time sensitive inputs are imported for production.
To gauge the magnitude of the estimates on the interaction between time reductions and direct time sensitiveness, we evaluate the coefficients for two sets of industries: textiles, leather and apparel, and motor, parts and transport equipment. These industries fall respectively in the 25 th and 75 th percentile of the direct time sensitivity distribution. The increase in average trade from a one-day reduction in trading time is 0.17 percentage points higher for products within the motor, parts and equipment sector compared to products in the textile, leather and apparel industries. Conversely, the impact of reduction in timeliness on exports of products that use time sensitive inputs is 0.23 percentage points higher for products in the paper and metals industries, 16 which fall in the 75 th percentile of the indirect time sensitivity distribution, compared to products in the textiles, leather and apparel industries, which are in the 25 th percentile of the distribution. In this sub-section, we assess the complementarity of trade policy reforms (deepening trade agreements and improving market access) on the one hand and infrastructure improvements in the BRI region on the other hand. To do this, we introduce an interaction term between the GIS variable of shipment times across countries and the policy variable ( ), capturing respectively, the level of depth of agreements signed between a pair of countries ij or the average preferential tariffs that the importer j is imposing to i in sector k:
The results presented in Table 7 highlight the complementarity between infrastructure improvements and trade reforms. 13 The positive impact of a reduction in trading times is magnified for country-pairs that are involved in deeper trade agreements (e.g. countries that
have better institutions and that share a common regulatory framework in trade related disciplines such as investment, intellectual property rights, competition policy and technical barriers to trade among others) as opposed to country pairs that have shallow agreements (see columns 1 and 2). Specifically, the positive impact of a one-day reduction in trading times is 1.1 percent higher (6.3 percent) for country-pairs that are part of the European Union, the deepest agreement in the BRI sample of countries, compared to countries that are part of very shallow agreements (agreements including only one provision).
In terms of market access, the positive impact of reducing trading times is dampened for countrypair-products with lower levels of tariff liberalization (see columns 3 and 4). Whereas a one-day reduction in trading times without reductions in tariff rates will increase average exports of country-pair-products by 6.3 percent on average, exports of products subject to 1 and 10 percent reductions in tariff rates will increase by 6.6 and 8.9 percent on average respectively as a result of a one-day reduction in trading times. A one-day reduction in trading times with a halfreduction or full reduction of tariff rates (tariff rate=0) will boost exports by respectively 19.5 and 32.7 percent on average. In this section we assess the potential impact of BRI improvement on export flows. First, we study the time improvements that derive from BRI transportation projects using GIS analysis and then we focus on trade effects. The following cases are presented: improvements in infrastructure only, improvements in both infrastructure and border delays and improvements in infrastructure along economic corridors. We also assess the overall effect of BRI transportation projects in the presence of deeper agreements and when better market access is granted to countries.
i. Effects of BRI transportation projects on trade times
To assess improvements in trading times after BRI projects are implemented, a higher speed is assumed for the parts of the new or improved existing network. The baseline scenario discussed in Section 2 uses existing rail speed (50 kph) and sea routes (25 kph), while the post-BRI scenario includes proposed new rail links and main rail along the route segments that have been improved at the increased speed (75 kph). To capture the upgrading of existing ports, it is assumed that the time it takes to handle the merchandise in the port decreases to the minimum time estimates in the region that are provided in Slack et al. (2018) .
The choice of a shipping route between two locations can depend on factors other than time (and distance), such as the monetary cost determined by the mode of transportation (railway or maritime). To take into account the trade-off between shorter trade/travel times of railway connectivity and cheaper monetary costs associated with maritime travel, two extreme scenarios are created post-BRI. In the first scenario (referred to as the lower bound scenario), a high preference for using maritime links whenever available is assumed. Here the improvements in shipping times will derive either from improvements in existing ports or from alternative maritime routes where new land connectivity with certain cities exists. In the second scenario, the upper bound scenario, the preference for maritime transport is removed, implicitly allowing 19 for modal substitution between maritime and railway transport whenever the time/distance is lower transporting goods by land. Table 8 shows that the Belt and Road Initiative would both create new land and maritime connections among BRI economies and reduce trade times by 2.8 percent on average, equivalent to 11.7 hours (0.5 days), assuming that there is a preference for maritime transport after BRI interventions (lower-bound scenario). For the upper-bound scenario, where change in mode of transportation from sea to rail is allowed, the average reduction in trading times is 4.4 percent, equivalent to 17.6 hours (0.7 days). Changes in trade time vary widely, with reductions that range between zero and 9.6 days. ii.
Effects of BRI transportation projects on trade
To estimate the impact of BRI on trade, we multiply the trade elasticities of time obtained from the gravity estimation and the time reductions derived from GIS analysis: ∆ 100 * * ∆ at the product level. We then calculate the total pre-BRI and post-BRI trade for each country-pair. An upper-bound estimate of the overall effect of the BRI suggests that total trade within BRI countries increases by 4.1 percent. This assumes that trade in all products can switch transportation modes relatively easily to take advantage of the improved transport links. A lowerbound estimate, which assumes that products cannot switch transportation mode, is that total trade within BRI countries increases by 2.5 percent.
The discussion below highlights the heterogeneity of the trade effects of the BRI across regions, countries and sectors. Table 10 At the country level, expected trade gains from BRI reflect both the extent of improved connectivity and the export structure of the country. At the sectoral level, the positive impact of the BRI ranges between 3.5 and 84 percent. Industries gaining the most from the BRI include wood/wood products (e.g. chemical wood pulp and wood wool) and vegetable products (e.g. ground nut oil and its fractions, mate, and cucumbers and gherkins). Their exports will increase by more than 60 percent. In contrast, exports of industries such as miscellaneous products (works of art and clocks/watches), metals and machinery will increase by 5 percent or less after the BRI (see Figure 3) . The effects of BRI transportation projects on the exports of different sectors depend on their time sensitivity -direct and indirect. Figure 4 shows that reduction in trade times will increase specialization in sectors such as livestock, vegetable, fruits, nuts and crops, which will benefit the most from the improvement in the ability to transport the final products on time to the consumers or end users (direct effect).
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Specialization in exports from meat products, chemicals, ferrous metals, rubber and plastics will also increase given the improvement in the ability to access the intermediate inputs on time (indirect effect). iii. Complementarity between improved infrastructure, corridor management and trade facilitation reform
In this section, we study two alternative cases for reductions in trading times after BRI are presented: (i) improvements in infrastructure combined with reductions in border delays, and (ii) improvements in infrastructure along economic corridors. In the first case, time improvements after BRI are computed in the GIS analysis assuming that border delays are reduced 50 percent across countries. In the second case, we assume that improvements in corridor management and decreases in congestion take place after BRI interventions along the corridors. To take this into account, we assume that improvements in the rail links after the BRI intervention apply along the economic corridors (for the whole rail instead of the segment that is new or improved). In terms of trade flows, the overall impact of the BRI on total exports ranges between 3.1 and 7.2 percent when border delays are reduced and between 2.6 and 4.6 percent in the presence of Central & Western Asia will benefit the most. 15 These results point to a strong complementarity between infrastructure improvements and policy reforms aimed at reducing border delays and those that allow a better management of corridors that span multiple countries.
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See Appendix The results presented in Figure 7 and Figure 8 highlight the complementarity between infrastructure improvements and trade reforms (deepening trade agreements or improving market access). To estimate the impact of deepening trade agreements after BRI interventions, we assume that the depth of PTAs currently signed between countries in the BRI region increases up to the regional average (13.7 disciplines) for those country pairs with an original level of depth below that value. 16 Total BRI trade will increase between 9.5 and 11. 16 Specifically, we assume that the new level of depth of an agreement signed by two countries is ℎ max ℎ , ℎ . 
Conclusion
This paper is a first attempt to examine the effects of the Belt and Road Initiative of China on bilateral times to trade, and the resulting trade impacts for the Belt and Road countries using a combination of geographic and economic analysis. We particularly focus our analysis on the land and maritime transportation infrastructure reform that improve the connectivity of the 70 countries (plus China) that will potentially participate to the initiative. An important caveat is that significant uncertainty attaches to our estimates: the BRI is a fluid project and the details of the infrastructure investments are not known. Specifics on how the initiative will shape up will obviously affect how it will impact shipment times, and ultimately, trade flows. Differences in the BRI impact across countries reflect both the extent of improved connectivity, and the export structure of the country-time-sensitive products and products that require timesensitive inputs are highly impacted. The biggest trade gains stem from improvements in trade times for inputs whose timely delivery is highly valued by producers. Put differently, countries that are more integrated in regional and global value chains tend to benefit more from reductions in trade times. 
